Abstract -Neurodegenerative diseases (NDD) require a constant care and attention in pharmacological therapy and rehabilitation, exercises administration, functional assessments and management of daily life. In this paper, we discuss a possible role of pervasive solutions with respect to NDD, on the basis of the overall progress of ICT and on the experience achieved in our department in three fields: Assistive Technology, NDD quantitative assessment, and design and development of wearable devices.
INTRODUCTION
Neurodegenerative diseases (NDD) are characterized by progressive decline and loss of cognitive and/or motor functions, which may occur over long-term period. Care of NDD patients frequently requires quite extensive efforts by their caregivers, often spouses or other family members, leading them to poor quality of life [1] .
After the onset of the disease (diagnosis and subsequent definition of the therapeutic plan), patient's follow-up is usually based on periodic health assessments performed in hospitals or clinical labs. Apart from these periodic visits, most of the contacts with clinicians are related to adaptations of the pharmacological treatment due to worsening or major changes in the patient's conditions. Recent studies emphasized that this approach still leaves a number of unmet needs in caregivers [2] , and difficulties in coping with NDDs for patients [3] . In fact, the usual approach is mainly based on pharmacological treatments (often palliative), sometimes on rehabilitation physical therapies, and, seldom, on psychological support. Thus, after the initial intervention, the follow-up assessments may be too sparse to allow an early detection of subclinical worsening in patients' functions, or to foresee degradations in patients and caregivers' quality of life and social inclusion.
NDD patients are often supported by a wide range of solutions, named Assistive Technologies (AT), spreading form from walking canes to eyetracking systems. Most of these solutions are targeted to very specific needs of the patients and they are not usually meant to be networked. According to one of the most used definition of Assistive Technology (AT), these solutions consists in '… any item, piece of equipment, or product system whether acquired commercially off the shelf, modified, or customized, that is used to increase, maintain, or improve functional capabilities of individuals with disabilities' [4] .
Despite the growing interest around AT solutions, there seems to be quite a gap between NDD patient's side (i.e. patients and caregivers) and those in charge of patients' health (clinicians, therapists, etc.). Still this gap does not seem to be sufficiently addressed by the growing number of portable, distributed and pervasive solutions available
In this paper, we report about the experience achieved in our department in different areas. From this experience, we propose an ICT architecture that might be helpful in the daily coping with NDDs, by exploiting the use of pervasive technologies. In order to enhance the robustness of such an approach, it is important also to exploit the experience gathered within the field of assistive technologies, by implementing suitable assessment efforts on usability, efficacy and efficiency, from the design stage to the deployment.
II. THE EXPERIENCE AT POLO TECNOLOGICO, FONDAZIONE DON CARLO GNOCCHI
Fondazione Don Carlo Gnocchi is a no-profit foundation operating since 1951 [5] , and one of the biggest private institution in Italy in rehabilitation, elderly and disabled care. Neurodegenerative diseases are among the target pathologies for the core activities of the foundation [6] . Within the Fondazione Don Gnocchi, Polo Tecnologico (Biomedical Technology Department), formerly Centro di Bioingegneria, has been actively involved in these activities on different levels. One level regards the Assistive Technologies Area and consists in the study and assessment of AT, in terms of ergonomics, usability, and cost-effectiveness [7] . Another level regards the Neuromotor Area and consists in the evaluation and development of technological solutions, and of the related clinical protocols, for assessment and rehabilitation of NDD's patients. Beside these activities, others more generally dealing with the rehabilitation (in particular the cardiovascular one) are focused on design and development of wearable devices and home monitoring architectures (Wearable Technologies Area). In the next paragraphs, we briefly report about these three areas, showing how these experiences may converge in a novel pervasive architecture with the aim of supporting NDDs patients and caregivers.
A. Assistive Technology studies
In the past decades, a number of studies have been performed within the Assistive Technologies Area, according to three research lines: technologies for information and education, technology assessment and ambient assisted living.
The first line (technology for the information and education) refers to the design and development of methods to support the distribution of information and distance education for the several actors involved in the research and deployment of assistive technologies (disabled persons, caregivers, operators, industry and institutional stakeholders, researchers). Within this research line, the Italian information portal on assistive technologies has been developed (www.portale.siva.it). Moreover, the AT area is currently leading the European Information Network on Assistive Technology (www.eastin.info), also promoting the Association for the Advancement of Assistive Technologies in Europe (AAATE -www.aaate.net) as National Contact.
The second research line (technology assessment) is focused on design and validation of methods for the evaluation of technical quality (safety, robustness, reliability, usability), efficacy (goal achievements), usefulness (user perceived value) and efficiency (investments/results ratio) of the AT solutions
The last research line (ambient assisted living) is related to design and evaluation of devices, systems and methodologies aimed at improving the independence of people with disabilities in their living environment. In 2007, a Smart Home has been realized, within the Occupational Therapy service of Fondazione Don Carlo Gnocchi. The Smart Home is also a testbed for the evaluation of innovative AT solutions in a real home setting [8] .
B. NDD Neuromotor Studies
Several researches related to quantitative assessments of NDDs have been carried out at the Biomedical Technology Department. They have been focused on Parkinson Disease (PD) [9] [10] [11] , Cerebellar Ataxia (CA) [12] , Multiple Sclerosis [13] , Alzheimer Disease [14] , Charcot-MarieTooth disease (CMT) [15] , and Amyotrophic Lateral Sclerosis (ALS). Most of these studies have been performed by means of complex lab devices (such as Optoelectronic Motion Capture Systems -Smart, BTS, Italy -, Force Platform Systems -Kistler, Switzerland -, and robotic arms), but also by means of compact appliances (such as portable EMG systems, tablet and touch-screen computers [16] , and eye-trackers). In Fig. 1 we may see an example of acquisition performed by the optoelectronic system.
Results of these researches underline the potentials of advanced technological devices in realizing interesting diagnostic, clinical and therapeutical protocols. These devices and systems seem to be highly sensitive tools in the diagnostic process, and very effective in the therapeutic and rehabilitation treatments. Moreover, such lab systems may also be proficiently used as reference for portable solutions meant to be used in the daily routine of patients. 
C. Wearable devices and ICT systems
Among the research activities, we have also developed a novel textile-based monitoring system (MagIC) [17] , for acquisition and storage of physiological signals (ECG, respiration, and motion) recorded in patients at home or during outdoor activities, and for their remote transmission. The system has been designed to be unobtrusive and easy to use, and it allowed us to explore the influence of the autonomic neural system on cardiorespiratory variables. Since 2004, MagIC has been used in many different clinical and non clinical conditions [19] . Moreover, a prototype version of this system has also been employed for the evaluation of motor performances in elderly patients suffering from Alzheimer disease [20] . Recently, the system has been companioned with a touch-screen PC running a simple multimodal software (allowing a mix of graphical, voice messages, touch-based interactions), for the home monitoring of heart failure patients (Fig.2) . This architecture also allows clinicians to remotely administer tests on the patients' general health status and quality of life. This system was also proven to represent an effective telemedicine solution [18] .
III. POTENTIAL ROLE OF ICT PERVASIVE SOLUTIONS
The exponentially growing capabilities of data processing and communication of advanced portable and wearable devices are leading to radically new scenarios in our daily life. However, at present, little is known about possible usefulness of these solutions with respect to the NDDs management and follow-up: although some surveys are available, they are mainly focused on the AT solutions in specific NDDs [21] [22] [23] .
There are two trends of evolving ICT solutions which can give important contributions in the field. On the one side, by allowing a continuous monitoring of patient's and caregiver's conditions; on the other side, by establishing new communication channels between them and the clinical structures, or also between them and the rest of the society, even by means of the so-called social networks. The first trend regards miniaturization, reduction in costs and technical improvements of sensors, processing units, communication devices and interfaces. This is enabling unobtrusive continuous acquisition of information, from patient's physiological measures (ECG, respiratory signals, GSR, pulseoximetry, etc.) or motion-related quantities (accelerometers, GPS, magnetometers, gyroscopes, etc.). This information might be used to provide local real-time feedback, and can be also conveyed to a suitable repository for further processing. Such process allows clinicians to achieve a continuous insight of patient's conditions, or simply to be alerted in case of important changes in daily measures. This may lead to a more reactive care to patients, for example through a better and faster fine tuning of the pharmacological treatments, and, hopefully, to an overall enhancement of patients' quality of life. The second trend regards the evolution and more pervasive nature of communication devices. This may supports new approaches for assisting patients along the degeneration process of the disease. Synchronous communications, just like voice call or videoconferences with clinicians and caregivers, and also asynchronous ones, like emails, text messages etc. might indeed play a key role in "keeping in touch", helping patients to cope with their ever-changing disease, and continuously supporting their caregiver in everyday hurdles. In particular, if asynchronous communications are used, therapists, clinicians or remote operators are not required to be always online, waiting for their patients to connect, but rather they may receive alerts or daily/weekly reports. This in turn may help to lower the costs of such services.
Our recent experience with heart failure patients [18] highlighted that even establishing this kind of "low-cost" communication enhances the perception of being "supervised" or "in the network". This may prevent the feeling of being left alone, an issue often associated to NDDs. Moreover, the increasing capabilities and diffusion of mobile solutions (e.g. smartphones and tablet PCs) allows the same level of communication even outside the usual home boundaries. Looking ahead, interesting perspectives could be also related to interactions with social networks (like Facebook, Twitter, etc.). This can be achieved by means of usual computer or smartphone interfaces (when applicable), or through custom simplified multimodal solutions, like touchscreen adapted for users with reduced abilities. The value of this option is that it sustains the perspectives of (social) inclusion, by using widespread means, which already connects million of people.
IV. THE PROPOSED ARCHITECTURE
A possible implementation of the ideas previously introduced, can be seen in Fig. 3 . The architecture is composed by several communication endpoints (the interfaces of users with the system), that are linked via Internet connections, and a server collecting, processing and dispatching data. The endpoints may consist of normal PCs, PDAs, tablets or even smartphones, running suitable software applications. This software would allow to transfer two kind of information to the system: low level quantitative and high level .
Low level quantitative data would be provided by small and portable acquisition devices around or worn by the patients, wireless connected to the endpoint, or even by the endpoint itself, when containing sensors (i.e. recent smartphones equipped with accelerometers etc.). These devices would acquire and transfer quantitative data from a large number of different signals, physiological (i.e. ECG, respiration, EMG, etc.) kinematic (accelerometer, gyroscopes, magnetometer, GPS based, etc.) or environmental (light, temperature, pressure, humidity, etc.). This information, as well as other interesting measures derived from it (i.e. daily energy expenditure, postural states, etc.) would then be transferred automatically to the server, according to suitable secure policies, and coping with all the needed privacy issues. This may provide the system with enough data to trigger alert in case of subclinical worsening of health conditions, allowing early interventions and more personalized fine-tuning of the pharmacological and physical therapies.
Communication endpoints would be also used to distribute high level information, just like text, audio and video communication or data regarding the cognitive and psychological conditions of patients and caregivers. They would also allow the administration of surveys and verbal assessments to patients and caregivers.
The user interaction with the system through the communication endpoint would be based on simple multimodal and friendly applications at home or elsewhere, via smartphones. These communications may be synchronous (i.e. phone calls, chat or videoconferences, etc.) or asynchronous (SMS, mail, messages, etc.), thus allowing a good degree of flexibility and freedom. Hopefully, it would also help to reduce costs, because it doesn't require a 24x7 availability of operators or clinicians.
Patients and caregivers may take advantage of distributed pervasive solutions by being connected not only to clinicians or therapists, but also to other people, included NDDs groups. This would be possible not only at home, as previously described.
Such architecture may be help to manage and fine-tune usual AT systems used by the patients, by directly connecting them via suitable digital or analog interfaces when available, or indirectly, by means of the help of caregivers. 
clinicians/therapists/remote operators (6) caregiver (7) patients Of course, the success of the architecture we are proposing heavily depends on how the users would perceive it, and if and how often they would be ready and comfortable in using it. For this reason, it would be of great importance to perform careful usability and ergonomics analysis at a very early stage of the design process. Finally, another relevant issue would be the training phase of all the different users (patients, caregivers, operators, clinicians).
V. CONCLUSIONS AND FUTURE WORK
Although some technological solutions are already available, there is still an unmet demand of more tailored, responsive and flexible models of care for people with NDDs and of support for their caregivers [2] . On the base of the experience in the Assistive Technology, Neuromotor and Wearable Technologies of our department, we are addressing these issues by working on wearable technology and on simple multimodal communication endpoints with audiovideo communication channels and asynchronous exchange of information. We believe that these technological solutions might significantly help the follow-up of NDD-patients.
Indeed such kind of architecture lets clinicians to receive frequent or even continuous insights of the patient's conditions, and lets patients and caregivers to have simple and valuable communication channels with clinicians. Moreover, a proficient use of these communication means might empower the social inclusion of patients and caregivers. This will not be limited to home or hospital boundaries, but will be open also to outdoor. In this perspective, a relevant role is related to the real usability of the architecture by the users, as well as careful analysis of its efficiency and efficacy. This approach may open interesting perspectives in the health management of NDD patients, and may provide significant improvement in patients' and caregivers' quality of life. Of course, legal, economic, organizational and privacy issues are aspects to be further addressed to translate this methodology in clinical practice.
